Qualitative analysis of the water extract of Mentha × villosa Huds. leaves was performed by liquid chromatography mass spectrometry (LC-MS/MS) and quantitative analysis was made by reverse-phase liquid chromatography coupled with photodiode array detection (LC-DAD). Sixteen phenolic compounds were identified and quantified consisting of 8 phenolic acids/derivatives and 8 flavonoid glycosides (quinic acid, chlorogenic acid, coumaroyl-hexoside, caffeic acid, coumaroylquinic acid, lithospermic acid, rosmarinic acid, salvianolic acid A, luteolin-7-O-glucuronide, luteolin-7-O-glucoside, luteolin-7-O-rutinoside, eriodictyol-7-O-rutinoside, apigenin-7-O-glucuronide, kaempferol-3-O-glucuronide, chrysoeriol-7-O-rutinoside, and hesperetin-7-O-rutinoside). Luteolin-7-O-rutinoside (25.6 ± 0.7 mg/g dry extract) and rosmarinic acid (17.9 ± 0.4 mg/g dry extract) were the most abundant. High antioxidant activity of this phenolic-rich water extract was confirmed in vitro by DPPH and ABTS tests and ex vivo in the ischemia-reperfusion injured rat superior mesenteric artery. Thus, the water extract of M. × villosa leaves seems to be a promising agent in prevention of tissue injury caused by oxidative stress.
Phytochemicals appear to have a potential role both in prevention and occasionally in treatment of various diseases. Epidemiologic studies showed that increased intake of natural phenolic antioxidants in the diet was related to the reduction of cardiovascular diseases and cancer [1a,1b] . Therefore, in the past few years, phenolic substances have received widespread attention with the intention to utilize their potential to prevent, moderate and/or delay the onset of some highly prevalent chronic diseases. Herbs from the family Lamiaceae are a rich source of polyphenols [1c] . Mint species are often exploited due to their bioactive potential, namely antioxidant, free radicals scavenging and antimicrobial properties [2a-2c] .
Mentha × villosa Huds is a hybrid of M. spicata L. and M. suaveolens Ehrh. [3a] . M. × villosa is an herbaceous plant native and extensively cultivated in South America (Brazil) . The most frequently used pharmaceutical preparation of M. × villosa -the essential oil (EOMV), was found to have a high amount of 6substituted p-menthanes, such as carvone, piperitone oxide, piperitenone oxide, and cis-dihydrocarvone [3b,3c] . EOMV was studied to prove its biological activity. It was showed to have antiparasitic properties [3d], tranquilizing effects, stomach and menstrual pain relieving effects, as well as a central analgesic action, which is probably indirect, due to an anti-inflammatory activity [3e] . Moreover, Nascimento et al. [3f] recorded significant in vitro ovicidal activity of M. × villosa against gastrointestinal nematodes in calves. Lahlou et al. [3g] and Nunes Guedes et al.
[3h] tested cardiovascular effects and the mechanism of action of EOMV in normotensive and hypertensive rats. In both studies EOMV exhibited direct cardiodepressant activity and a dosedependent hypotensive effect induced by peripheral vasodilatation attributed to endothelium-dependent (via EDRFs) as well as endothelium independent (Ca 2+ channel blockade) mechanisms.
Biological activity of plant extracts depends on the content of active substances. There are many factors which influence their production and composition, e.g. geographical origin of the plant, drying methodologies, mode of preparation. Apart from South America, M. × villosa grows also in Europe (Slovakia), where climatic conditions offer a good yield of the leaf drug. Water infusions of the leaves are used in the treatment of gastrointestinal and respiratory disorders. Polar extracts of mints are rich in antioxidant active polyphenols, such as rosmarinic acid, which may participate in tissue protection [2d] . Based on the knowledge of the effects of EOMV on smooth muscle, we decided to prepare and analyze water extract of leaves and to test its impact on the vascular system. The aim of the work was to prepare a water extract (WEMV), its phytochemical characterization and study of its antioxidant properties in vitro and ex vivo for possible utilization of these properties in vascular pharmacology. Different Mentha species have been reported to contain a range of components, including cinnamic acids, flavonoids and their derivatives [2a,2d-2f] . Nevertheless, there is a lack of information concerning phenolic constituents of M. × villosa. Only small amounts of phenolic compounds were identified in EOMV [3b]. Our study showed that WEMV contained a high amount of phenolic substances with a preponderance of luteolin-7-O-rutinoside and rosmarinic acid. The quantitative analysis of WEMV, made by LC coupled with DAD, is presented in Table 1 and a representative chromatogram is presented in Figure 1 . 1.4 ± 0.10 *Values (mg.g -1 dry extract) are presented as means ± standard deviation (n=3); external standards: luteolin-7-O-glucoside (used for flavonoid determination), rosmarinic acid (used for phenolic acid determination); LOQ -limit of quantification (2), coumaroyl-hexoside (3), caffeic acid (4), coumaroylquinic acid (5), lithospermic acid (6), luteolin-7-O-glucuronide (7), eriodictyol-7-O-rutinoside (8), luteolin-7-O-rutinoside (9), luteolin-7-O-glucoside (10), apigenin-7-O-glucuronide (11), rosmarinic acid (12) Reactive oxygen species (ROS) are involved in the pathogenesis of many civilization diseases, such as chronic inflammation, cancer, hypertension, and diabetic complications. Reperfusion injury after preceding ischemia plays a major role in many clinical conditions, including shock, trauma, surgery, coronary artery occlusion, stroke, vascular reconstruction and organ transplantation. Interruption of blood supply rapidly damages metabolically active tissues.
Restoration of blood flow, however, may further worsen cell injury by increased formation of ROS, leading to various metabolic and structural alterations [5a] . Thus drugs with antioxidant and ROSscavenging properties are assumed to be useful in prevention or treatment of reperfusion /induced diseases.
The antioxidant activity of polyphenolic compounds is connected with their ability to participate in electron and hydrogen transfer reactions. In our study we applied two in vitro assays, using DPPH˙ and ABTS˙ free radicals, to test the antioxidant capability of WEMV, which was expressed as SC 50 [μg.mL -1 ], i.e. the concentration required to scavenge radical formation by 50%. Ascorbic acid (vitamin C) was used as the antioxidant standard. Results are presented in Table 2 . They indicate a high antioxidant activity of WEMV, which could be beneficial in vivo in the defense of tissues against detrimental effects of oxidative stress. As expected, mesenteric ischemia/reperfusion in rats induced an increased production of reactive oxygen species manifested by the enhanced CL in the SMA tissue in the present experiments. The in vivo administration of WEMV depressed CL to control values of sham operated animals (Figure 2) , confirming its antioxidant activity.
In conclusion, this study is the first to show the phenolic profile of the water extract of M. × villosa and it presents its intensive antioxidant properties in vitro and also ex vivo. These properties may be helpful in the treatment of diseases which involve reactive oxygen species in their pathogenesis. [6] . The water extract was lyophilized; the yield was 10.32%.
Experimental

Phenolics fingerprint and quantification of phenols by LC-DAD-MS/MS:
The LC-MS analyses were performed on an Agilent 1260 Infinity LC System (Agilent Technologies, Germany), equipped with a binary pump, an autosampler, a column thermostat, and a diode array detector (DAD), coupled to a quadrupole-time of flight (6520 Accurate-Mass QTOF) instrument equipped with an orthogonal ESI source (Agilent Technologies, Germany). HPLC separation of WEMV was carried out on a Hypersil BDS-C18 column (4.0×250 mm, 5 µm, Agilent Technologies, Germany) at 35°C and a flow rate of 0.4 mL/min. Water (pH 2.8 with HOAc) and MeCN were used as mobile phase A and B, respectively. The following gradient program was used: 10% B (20 min), 20% B (25 min), 60% B (50 min), 95% B (62 min) and 10% B (70 min). The ESI ion source parameters were as follows: capillary voltage: 3.5 kV, nebulizer: 40 psi (N 2 ), dry gas flow: 10 L/min (N 2 ), and drying temperature: 300°C. The mass spectrometer was operated in an autoMS 2 mode where each negative ion MS scan (m/z 100-3000, average of 4 spectra) was followed by MS 2 scans (m/z 100-3000, average of 4 spectra, isolation window of 4 amu, collision energy 20 eV) of the two most intense precursor ions. Ions were excluded from analysis for 0.5 min after two MS 2 spectra had been acquired. Nitrogen was used as collision gas. The UV wavelengths used for determining the phenolic compounds were 280 nm for flavonoids and 320 nm for phenolic acids. Phenolic compounds were identified by comparing their UV and mass spectra with literary data and authentic standards, when available, and by measuring accurate m/z. Quantitative determination of compounds of WEMV was performed by the method of external standards. We used luteolin-7-O-glucoside (280 nm) for determination of flavonoids and rosmarinic acid (320 nm) for determination of phenolic acids. Chromatographic standards and standards of free radicals were purchased from Sigma-Aldrich, Germany.
Antioxidative activity in vitro:
Radical scavenging activity determined by decolorization of 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) was measured spectrophotometrically [7a] . The sample (200 μL) with 1.8 mL of DPPH solution (55 μM) was incubated at room temperature for 30 min. The absorbance was read against a blank at 517 nm.
The ABTS, 2,2 azinobis (3-ethylbenzothiazoline-6-sulfonic acid) radical cation decolorization assay was carried out using an improved ABTS decolorization assay of Re et al. [7b] . For the study, the ABTS•+ solution was diluted with ethanol to an absorbance of 0.70 (± 0.02) at 734 nm and equilibrated at 30°C. After addition of 2 mL of diluted ABTS solution to 20 μL of the sample, the absorbance reading was taken exactly 6 min after initial mixing. 
Ischemia/reperfusion in vivo:
The animals were deprived of food, but with free access to drinking water for 12 h before the experiments. In rats anesthetized by 65 mg/kg thiopental i.p., a midline laparotomy was performed and the superior mesenteric artery (SMA) was cut free and occluded for 60 min, using a clamp, to induce ischemia. Reperfusion lasting 30 min was started by removal of the clamp and confirmed by the rapid return of intestinal color and arterial pulsation. During the periods of ischemia and reperfusion, the abdomen was closed to prevent evaporation of heat and fluid loss.
The animals were divided into 4 groups, each containing 7 animals: C -control rats; CMV -control rats treated with WEMV; I/R -rats with I/R; I/R MV -rats with I/R treated with WEMV. Shamoperated animals were used as controls. After exsanguination, the SMA was removed. Samples of SMA (cleaned of adherent tissue) were cut into small pieces and used for the chemiluminiscence studies. WEMV at the dose of 50 mg/kg was applied twice perorally by an intragastric probe, 30 min before SMA occlusion and at the beginning of reperfusion. The chosen dose of WEMV was based on information from the study on EOMV [3g].
Chemiluminiscence: Free radical production was assessed by luminol enhanced chemiluminiscence of SMA samples [5d]. SMA with its first branches was cleaned of adherent tissue and cut into small pieces. Samples were placed for 60 min into preoxygenated (95% O 2 and 5% CO 2 ) PSS, then transferred into a cuvette containing 920 µL PSS and 80 µL luminol (final concentration 400µM/L). The response was measured and recorded in a lumiaggregometer. The wet weight of samples was recorded at the end of the experiment. The peak values and areas under the curve were calculated. Since peak values correlated closely with the area under the curve, they were used in further experiments.
Statistical analysis:
The data obtained in phenolic quantification are presented as the average of at least triplicate analyses. Statistical analyses of the data from animal experiments were performed by using ANOVA with Bonferroni posttest. Statistical significance was indicated at p < 0.05.
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